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Abstract -The i n t e r d i f f u s i o n o f b i m e t a l l i c Cu/Sb t h i n f i l m couples is s t u d i e d u s i n g
Rutherford b a c k s c a t t e r i n g f o r a n n e a l i n g temperatures i n t h e range 150 -300°C. Depth p r o f i l e s a r e analyzed u s i n g t h e Whipple's model. Taking t h e l a t t i c e d i f f u s i v i t i e s o f Sb i n Cu from Ref./l2/, following a c t i v a t i o n e n e r i e s f o r g r a i n boundary d i f f u s i o n a r e found : 1 , l 2 eV and 1 , 2 6 eV f o r r e s p e c t i v e l y (600 1 Sb on 650 d Cu) and (1800 d Sb on 3100 1 Cu) samples. I t is e s t a b l i s h e d t h a t t h e g r a i n boundary d i f f u s i v i t i e s a r e 3 -6 times l a r g e r t h a n t h e l a t t i c e d i f f u s i v i t i e s p r e d i c t e d by an e x t r a p o l a t i o n o f r a d i o a c t ive t r a c e r measurements of bulk specimens. I t i s a l s o observed t h a t d i f f u s i o n is lower i n r e l a t i v e l y t h i c k samples.
-INTRODUCTION
I n t e r d i f f u s i o n i n t h i n f i l m couples has a t t r a c t e d c o n s i d e r a b l e a t t e n t i o n because o f t h e i mp o r t a n c e o f t h i n f i l m s i n m i c r o e l e c t r o n i c d e v i c e s /l -3/. Understanding t h e d i f f u s i o n proc e s s e s is a l s o very important i n such a r e a s of i n v e s t i g a t i o n a s c r y s t a l l i z a t i o n , p r e c i p i t at i o n , oxydation and s u r f a c e s e g r e g a t i o n i n a l l o y s e t c . I t is known t h a t d i f f u s i o n o c c u r s much f a s t e r i n t h i n s o l i d f i l m s t h a n i n bulk m a t e r i a l s s i n c e t h e presence o f p o i n t and l i n e d e f e c t s , g r a i n boundaries and s t r a i n s can enhance t h e d i f f u s i o n processes. I t is f o r t h i s r e a s o n t h a t d i f f u s i o n i n t h i n f i l m s can be observed a t temperatures w e l l below t h o s e a t which e q u i l i b r i u m vacancies d i f f u s i o n is n e g l i g i b l e . Other f a c t o r s which can i n f l u e n c e t h e d i f f us i o n i n t h i n f i l m s a r e d e t a i l e d by Weaver /4/ and B a l l u f f i and Blakely / 5 / . D i f f u s i o n measurements with t h i n f i l m s r e q u i r e high depth r e s o l u t i o n due t o t h e s m a l l f i l m t h i c k n e s s and r e l a t i v e l y s h o r t d i f f u s i o n l e n g t h s a t t h e temperatures o f i n t e r e s t . Generally, a n a l y t i c a l techniques such a s Auger e l e c t r o n spectroscopy (AES) /6/, secondary i o n mass spectrometry (SIMS) /7/ and Rutherford b a c k s c a t t e r i n g spectroscopy (RBS) /8,9/ a r e a p p l i e d t o such s t u d i e s .
The o b j e c t i v e o f t h i s s t u d y is t o determine g r a i n boundary d i f f u s i o n parameters i n Cu/Sb t h i n f i l m s u s i n g t h e RBS technique.

-EXPERIMENTAL PROCEDURE
The t h i n f i l m couples a r e prepared by thermal evaporation i n vacuum ( Analysis o f the samples was performed with Rutherford backscattering spectrometry. I n the experiment, He+ ions with energy 1,4 MeV c o l l i m a t i n g through a s l i t system are allowed t o h i t normally the specimen surface. The detector forms an angle of 170° with respect t o the incident direction. The detector signals are converted i n t o an energy spectrum o f the backscattered ions. The concentration p r o f i l e s are computed from the energy spectra.
Grain s i z e measurements and electron d i f f r a c t i o n patterns are obtained using a 200 keV transmission electron microscope and have been described elsewhere /10/.
-EXPERIMENTAL RESULTS AND DISCUSSION
Antimony d i f f u s i o n i n single-crystal copper was studied by the radioactive-tracer technique / l 1 -13/. However i n t h i n s o l i d films, only one study has been realized using x-ray d i f f r a c -
Figure 1 shows energy backscattering spectra obtained from double layer f i l m s o f 1800 fi Sb and 3100 A Cu before and a f t e r annealing a t various temperatures. The s a l i e n t feature o f t h i s f i g u r e i s immediately obvious from inspection o f the spectra. There i s no i n t e r d i f f u s i o n between the Sb and Cu f i l m s i n an unannealed state, since the corresponding spectrum( Fig.l(l) ) consists o f two very d i s t i n c t parts : the Sb spectrum on the higher-energy side and the Cu one i n the lower-energy side. Annealing o f samples a t temperatures from 150 t o 300°C increases s i g n i f i c a n t l y the i n t e r d i f f u s i o n ( Fig.1 (2,3,4) f o r example). Indeed, i t has been found that, depending of t h e annealing temperature, the reaction was clearlyproduced a f t e r a c e r t a i n annealing time of samples. To get an idea, t h e reaction was observed a f t e r about Sb on 650 g Cu sample, y i e l d i n g t o t h e formation and growth o f t h e Cu Sb phase /17/. Therefore, t h e d e c r e a s e k e s p e c t i v e l y i n c r e a s e ) of Sb concent r a t i o n i n t h e 56 ( r e s p e c t i v e l y Cu) f i l m , (Fig. 2 , p l a t e a u o f p r o f i l e 41, could be a t t r i b u t e d t o t h e Cu2 Sb phase formation.
r a i n boundary problem w i t h s e m i -i n f i n i t e s o l i d boundary conditions, assuming t h a t the d i ffusion c o e f f i c i e n t s are independent o f concentration and t h a t d i f f u s i o n i n the grain bounda-
I t is worth n o t i n g t h a t t h e g r a i n boundary d i f f u s i v i t i e s v a l u e s measured h e r e f o r Sb d i f f us i o n i n Cu t h i n f i l m s a r e 3 -6 times l a r g e r t h a n t h e l a t t i c e d i f f u s i v i t i e s p r e d i c t e d from bulk measurements. The a c t i v a t i o n e n e r g i e s f o r t h e g r a i n boundary d i f f u s i o n i n t h i n f i l m s a r e s u b s t a n t i a l l y lower t h a n t h a t f o r t h e volume d i f f u s i o n (1,9 eV). This r e s u l t confirms t h a t thermal p r o c e s s e s i n t h i n f i l m s r e q u i r e temperatures lower t h a h t h o s e necessary f o r t h e same r e a c t i o n i n a bulk sample, s u g g e s t i n g a g r a i n boundary d i f f u s i o n mechanism a s t h e dominant process. (1 ) f i r s t s e t and (2) second s e t o f samples. I t i s also observed t h a t the d i f f u s i o n i n thinner samples ( the f i r s t set ) occurs more r a p id l y than i n the r e l a t i v e l y thicker samples ( the second s e t ). Indeed, the grain boundary d i f f u s i v i t i e s i n the f i r s t case are about one order o f magnitude l a r g e r and the a c t i v a t i o n energy i s lower than the one i n the second case. This feature i s probably due t o the g r a i n s t r u c t u r e o o f the films. The as-deposited Cu grains have an average grain s i z e o f about 1000 P\ and 3000 A respectively f o r the f i r s t and the second s e t o f samples. On annealing, no s i g n ificant grain growth i s remarked.
It i s i n t e r e s t i n g t o underline t h a t the value (1,26 eV) o f the g r a i n boundary a c t i v a t i o n energy f o r the second s e t o f samples, i s i n agreement with the value (1,28 eV) found from X-ray d i f f r a c t i o n measurements on ( 2000 X Sb evaporated on 2700 a Cu ) samples /ID/. The analysis technique used i n /10/ d i d not d i s t i n g u i s h between grain boundary and l a t t i c e d i ffusion, however, i t i s believed t h a t the a c t i v a t i o n energy represents the g r a i n boundary d i f f u s i o n .
